For many decades only two species of seahorses were recognized from Brazil: Hippocampus reidi Ginsburg, 1933, the long snout seahorse, and H. erectus Perry, 1810, the lined seahorse. The presence of a possible third species, recognized in 2002, brought about the need for a broad revision of the genus in Brazilian waters. A total of 335 specimens of seahorses, obtained from Brazilian and other collections, representing the three putative species from Brazil were analyzed: H. reidi, the species of greatest abundance and occurs in estuaries and the sea; H. erectus, which occurs only in the sea, and Hippocampus patagonicus was also determined to be present based on multiple specimens. Our morphometric / numerical and molecular analysis showed that the species currently identified as H. erectus in Brazil is actually H. patagonicus Piacentino & Luzatto, 2004. The existence of a possible third species, was instead based on the true H. erectus, as confirmed in the present study by the study of classical systematic and mitochondrial analysis. Thus, we recognize three species of seahorses in Brazil: H. erectus, H. reidi and H. patagonicus.
Introduction
The genus Hippocampus is composed of 55 species (Froese & Pauly, 2013 ) with a worldwide distribution. Several studies have pointed out that the taxonomy of the group is very problematic, with many species poorly defined (Lourie et al., 1999; Lourie et al., 2004) . Along the Atlantic coast of South America, detailed studies of seahorse are relatively recent, having commenced only in the 1980s, with a few studies addressing taxonomy and species distribution (Figueiredo & Menezes, 1980; Rosa et al., 2002; Dias et al., 2002; Hercos & Giarrizzo, 2007; Silveira, 2011) . Almost all these studies have recorded the occurrence of two Hippocampus species in Brazil, identified as Hippocampus reidi Ginsburg and H. erectus Perry (Figueiredo & Menezes, 1980; Vari, 1982; Rosa et al., 2002; Dias et al., 2002; Silveira, 2011) . Hippocampus reidi described from Americans seas has distribution confirmed to Bahamas; Barbados; Belize; Brazil; Columbia; Cuba; Grenada; Haiti; Honduras; Jamaica; Mexico, Nicaragua; Panama; United Kingdom of Great Britain and Northern Ireland (Caribbean territories), United States of America and Venezuela. Among the three Brazilian species is one that has the longer length of snout (HL / SnL: 2.2), important taxonomic character and greater variety in color pattern (Lourie et al. 2004) . Also, according to the same authors, H. erectus, also described from Americans seas, with a distribution from the Bahamas, Belize, Canada, Cuba, Guatemala, Haiti, Honduras, Mexico, Nicaragua, Panama, Saint Kitts and Nevis, United Kingdom of Great Britain and Northern Ireland (Caribbean territories), United States of America, Venezuela. Its snout is somewhat smaller (HL / SnL: 2.6). A third morphotype with different characteristics to the species noted had been collected on the Brazilian coast, with a snout of similar length to H. erectus.
In 2004, Piacentino & Luzatto described H. patagonicus from Argentina, but its taxonomic status and occurrence in Brazilian waters was only confirmed by Boehm et al. in 2013 . This species has many characters similar those found in the morphotype accepted for many decades as H. erectus in Brazil. To elucidating these confusing taxonomic we conducted a morphological and molecular analysis of an extensive number of Hippocampus specimens, collected along the Brazilian coast, with the aim of clarifying the number of species inhabiting this area. Morphometric and meristic characters were made under a stereo microscope. Measurements were made with a digital pachymeter with a resolution of 0.5 mm. Images were made with a Sony DCR-SX30 digital camera. The data obtained were analyzed by canonical discriminant functions, using the Wilks Lambda test (statistics package SPSS 18.0). The following measurement were made: height (Ht, linear distance from the top of the head to the tip of the stretched tail), coronet height index (CI, a semi-quantitaive measure of the overall height of the coronet in relation to the arc of the neck), head length (HL), snout length (SnL), ratio of head/snout lengths (HL/SnL), number of trunk rings (TrR), number of tail rings (TaR), number of pectoral-fin rays (PF) and number of dorsal-fin rays (DF) as described in Lourie et al. (1999) . The presence/absence of spines and dermal appendages was also observed. The material examined is given in Appendix 1. Molecular analysis. Fin or muscle tissue fragments from 16 specimens of Hippocampus collected along the Brazilian coast was removed and preserved in 95% ethanol at -20°C for molecular assays. All specimens were identified and deposited in the fish collection of Project Hippocampus, Brazil. All tissues were deposited in the fish and tissue collection of the Laboratório de Biologia e Genética de Peixes (LBP), Botucatu, São Paulo, Brazi. An additional 36 sequences representing nine nominal species occurring in the Atlantic Ocean were obtained from GenBank (http://ncbi.nlm.nih.gov) or from Barcode of Life Database (BOLD, www.boldsystems.org) ( Table 1) . Extraction, PCR amplification and DNA sequencing. Molecular assays were carried out at the Laboratório de Biologia e Genética de Peixes, UNESP, Brazil using standard protocols (Hajibabaei et al., 2005) . Total genomic DNA was isolated from each specimen tissue using an automated glass fiber protocol (Ivanova et al., 2006) .
Material and methods

Morphological
The 5´-end 652 base-pair fragment of the mitochondrial COI gene was amplified by PCR using different primer combinations: FishF1, FishR1, FishF2 and FishR2 (Ward et al., 2005) . Reactions were carried out in a thermal cycler (Veriti® 96-well Thermal Cycler, Applied Biosystems), under the following general thermal conditions: denaturation at 95°C, annealing at 52-56°C (according to species and primer), and extension at 72°C.
Amplification success was checked on 1% agarose gels with Blue Green Loading Dye I (LGC Biotecnologia). Amplified PCR products were purified with an ExoSap-IT® (USB Corporation) solution. Purified PCR products were labeled with the BigDye Terminator v3.1 Cycle Sequencing Ready Reaction kit (Applied Biosystems). Labeled products were purified with ethylenediaminetetraacetic acid/sodium acetate/alcohol precipitation or with Sephadex® G-50 (Sigma-Aldrich), and then bidirectionally sequenced on an automated DNA sequencer: 4-capillary ABI 3130 Genetic Analyzer (Applied Biosystems).
Data analysis. Sequences were analyzed using SeqScape v2.6 (Applied Biosystems™) to obtain consensus sequences and BioEdit Sequence Alignment Editor v7.0.5.3 (Hall, 1999 ) was used to check them for indels or stop codons. Genetic distances between and within species were calculated using the Kimura-2-parameter (K2P) substitution model (Kimura 1980) , and the divergence patterns suggested by those distances were graphically represented using a neighbor-joining (NJ) tree with 1000 bootstrap replicates, built on MEGA v5.2 (Tamura et al. 2011) . Diagnosis. (Proportions and meristic data of 85 specimens, 59-120 mm in height.) Rings 11 + 31-35; dorsal-fin rays 17-19 on 2 + 1 rings; anal-fin rays 4; pectoral-fin rays 14-18. HL/SnL 2.5-3.2. Coronet well-developed, CI 3-4; small to large spines or absent; on head, principally on sphenotic with single spine on each side of head; frontal with bifurcate or simple spine, very evident over each eye, and one central, horn-like spine at junction with coronet; spines on body and tail distributed regularly on rings.
Results
Taxonomy
Coloration. In preservative without defined pattern, often with irregular, white dorsal stripes that extend laterally on body and tail, parallel to rings. Finer white lines that run down the neck laterally may cross the rings. In life color varied: beige, yellow, light orange, dark orange and reddish brown; dorsal fin pigmented between and on rays, showing sub-marginal dark band from first to last ray, with edges free of pigmentation (Figure 2A) .
Habitat. Shallow waters to 73 m in depth. Found on marine algae, mainly floating Sargassum sp., sponges and artificial substrates such as moorings, anchoring boats and pieces of fishing nets. Distribution. Americas, Western Atlantic: Canada (Nova Scotia), USA, Bermuda, Bahamas, Cuba, Haiti, Caribbean, Leeward Islands, Mexico, Guatemala, Belize, Panama, Colombia, Venezuela, Uruguay, Argentina and Brazil (Vari, 1982; Lourie et al., 1999; Piacentino, 2008; Boehm et al., 2013; present study Lourie et al. 1999: 117; Smith-Vaniz et al. 1999: 190; Kuiter 2009: 19 (redescription, distribution) . Hippocampus poeyi Howell Rivero, 1934: 32 (orig. descr.; Havana, Cuba; holotype MCZ 33913); Lourie et al. 1999: 117; Kuiter 2009: 19 (redescription, distribution) .
Diagnosis. (Proportions and meristic data of 104 specimens, 68-188 mm in height)
. Rings 11 + 30-39; dorsal-fin rays 15-18 on 2 + 1 rings; pectoral-fin rays 14-18; anal-fin rays 4. HL/SnL 2.0-2.6. Coronet little developed, CI 1-2. Spines absents or small: on the head, principally on sphenotic bone with an evident spine on each side of head, and on frontal with a simple or bifurcated spine on each eye; on body and tail, distributed regularly on rings or absent. Dermal appendages often present in juveniles, rarely in adults. Coloration. Three basic patterns are present in combination or independently: 1) presence of irregular white and black or brown stripes on the rings of the body and tail, where they can be distributed on the dorsal and lateral sides, continuous or interrupted ( Figure 2B) ; 2) numerous black and white dots, or brown spots all over body and tail ( Figure 2C ); 3) a single even color without markings ( Figure 3D ). Dorsal fin with diffuse pigmentation, with dark sub-marginal band from first to last ray, and margins free of dark pigmentation ( Figure 2C ).
Habitat. In waters from 15 to 55 m in depth. Found on marine algae, sponges, corals, mangrove roots and on artificial substrates.
Distribution. Americas, Western Atlantic: USA, Bermuda, Bahamas, Cuba, Haiti, Belize, Panama, Jamaica, Barbados, Granada, Colombia, Venezuela, Argentina and Brazil (Vari, 1982; Lourie et al., 1999; Piacentino, 2008; Boehm et al., 2013; present study Diagnosis. (Proportions and meristic data of 59 specimens, 32-153 mm in height). Rings 11 + 34-37. Dorsal-fin rays 16-19 on 2 + 1 rings; pectoral-fin rays 13-15; anal-fin rays 4. HL/SnL 2.85-3.9. Coronet little developed, CI 1-2. Spines small to medium, rounded. Sphenotic bone with one strong spine on each side of head; frontal with one simple spine over each eye. Spines on the body and tail distributed regularly on the rings or absent; dermal appendages on body and tail spines may be present in both juveniles and adults. Coloration. Body color varies: brown, beige, yellow and white; pattern of dark diagonal streaks on the side of the head bordered by intense pigmentation formed by tiny white dots. Tiny black dots and small white dots constituting irregular-shaped spots on body and tail. Dorsal fin with diffuse pigmentation and dark elongated spot on first rays, edges of fin without pigmentation in some fish ( Figure 2E ).
Habitat. Shallow waters up to 22 m in depth. Found on marine algae, principally on floating Sargassum sp., sponges and artificial substrates.
Distribution. Americas, Western Atlantic: Argentina and Brazil (Piacentino & Luzzatto, 2004; Boehm et al., 2013; González et al. 2014 ; present study).
Molecular analyses
Partial COI sequences were obtained for 16 fish specimens of the three species, and were deposited in GenBank (accession numbers: KF725690-KF725705). All sequences had 652 base-pairs. Indels or stop codons, that could suggest the amplification of NUMTs, were absent, and the sequences had less than 1% ambiguous bases. Overall mean nucleotide frequencies were G (17.7%), C (23.6%), A (25.9%) and T (32.8%).
Mean K2P distance within species (our data, Gen Bank and BOLD data) for species with more than one specimen analyzed, ranged from 0.000 ± 0.000 to 0.018 ± 0.003 (Table 3) . K2P distance between species ranged from 0.016 ± 0.003 for Hippocampus reidi and H. algiricus to 0.162 ± 0.018 for H. hippocampus and H. zosterae (Table 3 ). The neighbor-joining tree showed that specimens assigned as conspecifics tended to cluster in relatively cohesive units, with the exception of H. reidi, H. algiricus and H. capensis, which appeared in a single cluster (Figure 4) . The genetic distance among these three species are 0.016 ± 0.003 between H. reidi and H. capensis, 0.018 ± 0.004 between H. reidi and H. algiricus and 0.019 ± 0.005 between H. capensis and H. algiricus (Table 3) . Figueiredo & Menezes (1980) . C. Hippocampus patagonicus from Brazil, male 112 mm (Note: the dark diagonal streaks on the back of head and parallel streaks on the trunk and tail, and also the elongated dark spot at the top of the first dorsal fin rays described by Figueiredo & Menezes,1980 to H. erectus); D. H. patagonicus from Argentina, Holotype MACN 8808, kindly provided by Diego Luzzatto. 
Discussion
To date only two species of seahorses have been recognized from Brazil: H. reidi Ginburg and H. erectus Perry (Figueiredo & Menezes, 1980 Rosa et al., 2002; Silveira, 2011) . The first key to Brazilian Syngnathidae was prepared by Figueiredo & Menezes (1980) , where the following characters were used to distinguish the two species: snout length, number of dorsal fin rays, maximum height observed and color pattern (Table 2) . Because Perry (1810) did not give a diagnosis for H. erectus, the identification of the other extant species in Brazil had become problematic, though the species for the Western Atlantic in 1980s were accepted as H. reidi, H. erectus and H. zosterae (Lourie et al., 1999) . Excluding the pygmy seahorse (H. zosterae), Figueiredo & Menezes (1980) used the size of the snout as an important attribute and identified H. erectus as the other Brazilian species calling it the "short snout" in contrast to H. reidi, the long snout seahorse. Since then, H. erectus has become known as the "short snout seahorse" in Brazil, instead of "lined seahorse" as given in the literature (Figures 5A-B) .
Thus, questions about the identity of H. erectus have arisen during the past few decades. However, Figueiredo & Menezes (1980) described some features of H. erectus as follows: "somewhat diagonal dark streaks on the back of the head and parallel on the trunk and tail. An elongated dark spot at the top of the first dorsal fin rays" and "a short snout, whose length is smaller than the distance from the posterior orbital margin to the gill opening", and "the largest specimen assessed measures 10 cm". Such characteristics are consistent with H. patagonicus ( Figures  5C-D) , as only this species has a snout as short as that described above (Table 2) . About 11 years ago, we noted a third morphotype with characteristics intermediate between the two species then recognised.
When Piacentino and Luzzatto (2004) described H. patagonicus, we noted its overwhelming resemblance to some of the morphotypes identified in Brazil as H. erectus (Silveira 2011) . Evaluating the morphometric and numeric characters, we recognised that those morphotypes were of the same species, which was subsequently confirmed by molecular analysis (Figure 4) . Lourie et al. (1999 Lourie et al. ( , 2004 noted that the specimens identified as H. erectus in Brazil might possibly be another species. The question then was, if H. erectus from Brazil were actually H. patagonicus, what is the identity of the third morphotype? It's now confirmed as H. erectus.
The first record on this morphotype in Brazilian waters for a sample from Bahia by Günther (1880), which he described as H. villosus ( Figure 6A ). Vari (1982) , in his review of the Western North Atlantic seahorses, extended the distribution of H. erectus to the South Atlantic by the recognition of H. villosus as a synonym of H. erectus. In reconstructing the phylogeny of seahorses, Casey et al. (2004) , in their reconstruction of the phylogeny of seahorses, analyzed one specimen of H. erectus from Brazil, which showed a genetic distance of 5.9% compared to the North American H. erectus, and which they consequently excluded from the taxon. This assertion may strengthen the hypothesis that H. patagonicus from Brazil has been identified as H. erectus for many decades. It is worth recalling that the description of H. patagonicus was published in 2004, and that its sampling was not possible to Casey et al. (2004) . Boehm et al. (2013) suggested the H. erectus complex (H. erectus, H. patagonicus and H. hippocampus) may have evolved from an ancestor lineage from the Northeastern Atlantic into the Western Atlantic, later diverging to form the populations of H. patagonicus of South America and H. erectus of the Caribbean/North America. Such divergence might have occurred 5.27 million years ago, as a result of an increased input of freshwater from the Amazon River, separating the populations and hindering gene flow. Boehm et al. (2013) support the hypothesis of allopatric divergence for the dispersion of the H. erectus complex in the Western Atlantic because of the lack of data that shows both species distributions along the South American continent. However, our records of the presence of two species of the H. erectus complex in Brazil suggest at least a parapatric speciation of H. erectus and H. patagonicus.
Our work confirms the existence of three Hippocampus species in the Brazilian coast, H. reidi, H. erectus and H. patagonicus (Figure 6 ). H. erectus and H. patagonicus are very well differentiated by the DNA barcoding analysis, separating the two species with high statistical significance. This result differs from the study of seahorse marine diversity by Boehm et al. (2013) , which did not include individuals of H. erectus from Brazil, possibly for lack of collection. Although our samples of H. erectus formed a particular cluster separate from Caribbean fish, with a genetic distance of d = 0.016 ± 0.004, the value in our analysis is lower than the value of 0.059 reported by Casey et al. (2004) , working with cytochrome b (a gene with similar rate of evolution as the gene COI). These authors compared specimens collected in Brazil with specimens from the Atlantic coast of the US, and their high genetic distance could have been due to misidentification, comparing H. erectus from there with H. patagonicus from Brazil. This genetic distance was also closer to the value (0.066) found in the present study when comparing the two species.
Hippocampus patagonicus from Brazil and from Argentina do not only share similar morphological characteristics, but also genetic sequences as described by Luzzatto et al. (2012) in a study that compared sequences of cytochrome b (1144 bp) of H. patagonicus collected in San Antonio Bay (type locality) and at the Mar del Plata dock (Argentina) to a single specimen collected in Brazil (GenBank: AF192660). This Brazil sample was used by Casey et al. (2004) and named H. erectus; the two groups are different by only six base pairs, giving a genetic distance of 0.0053. This value is extremely low when compared to the interspecific distances found in our study (Table 3 ), confirming that the two groups belong to the same species, as suggested by Luzzatto et al. (2012) , and probably represent interpopulational differences between two geographic populations.
The interspecific distance of H. hippocampus and H. erectus was similar between our data and those reported by Casey et al. (2004) , namely 0.032 and 0.038, respectively. Due to the low interspecific genetic distance among H. erectus, H. hippocampus and H. patagonicus, the high bootstrap level (100%) that supported each monophyletic clade, confirmed that H. patagonicus belongs to the H. erectus complex and that they possibly have a more recent common ancestor (Casey et al., 2004; Boehm et al., 2013) . However, our data could not separate our samples of H. reidi from Hippocampus algiricus and Hippocampus capensis (Figure 4) . The distance between H. reidi and H. algiricus was only d = 0.016 ± 0.003 and that between H. reidi and H. capensis was d = 0.018 ± 0.004. Casey et al. (2004) in a study employing cytochrome b found similar distance values between H. reidi and H. algiricus and a value two times higher between H. reidi and H. capensis. On the other hand, comparisons between other species pairs were about ten times higher (Table 3 ) in our study.
Most intraspecific pairwise distances reached a maximum of 0.018, in agreement with intraspecific values observed in other fish species (Waters & Burridge, 1999) . In the BOLD database sequences are clustered using an algorithm called Barcode Index Number (BIN) that provide operational taxonomic units that closely correspond to species (Ratnasingham & Hebert, 2013 ). An analysis of BIN numbers in BOLD revels that all species have just one BIN number, with the exception of H. reidi which has two. Several studies have shown that most fish species can be separated from closely related species by a genetic distance of about d = 0.02, although there are several exceptions (Hubert et al., 2008; Ward, 2009; Ward et al., 2009; April et al., 2011; Mabragaña et al., 2011; Pereira et al., 2013) . Almost all species analyzed herein showed genetic distance values higher then d = 0.02; but for three species pairs (involving H. reidi, H. capensis and H. algiricus) the values were lower than this. Some possible explanations for this low genetic divergence are: (1) the recent speciation of some species groups ), (2) a possible variation in the COI mutation rate between different taxa (Krieger & Fuerst, 2002; Frézal & Leblois, 2008) ; and (3) possibly underlying problems.
